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Objectives

» Performevaluation at the PEM stad#vel to documeneffects of anode feed composition on
stack performance.

» Evaluate mathematicallgnd experimentally novel stack operatswenarioghat havepromise
in increasing performance.

» Investigate stack level thermal management, including operating and design options.
» Investigate technical problems of interest to DOE/OAAT industrial developers.

Approach

* Maintain, utilize and expand a highly capable, flexible engineering-scale stack testing
environment.

* Maintain flexible, reliable and unique test hardware.

» Use testresults,models and separate-effects te@ach as flowvisualization) to evaluate
operating strategies, design options, and to project PEM fuel cell system-level effects.

* Maintain a set of competent mathematical tools to predict and analyze test results.
* Respond to requests for focused experiments that support DOE/OAAT industrial partners.

Accomplishments

» Participated in thdirst engineering-scalexperiment to demonstrate technical feasibility of
using a hydrogen-rich gatream derived from gasoline neake electricity in a PEM fueell
stack, athe Laboratories of Arthur CLittle (ADL) in Cambridge, Massachusettagcluding
stack operations during fuel processor transients.

» Using acontrolled temperature teshvironment, demonstrated cadaking, cold-start, and
full recovery of a large PEM stack repeatedier the rangefrom -4°C to -18°C with no
apparent degradation in performance.

* Improved stack test stand transient capability and measuréscbniques, t@extend testing to
both externally imposed transients and innovative transient operating modes.

* Took delivery and began testing twfo 68-cell 3-kW (nominal)Analytic Power PEM stacks
and one 10-cell'short stack,” designed for easgconfiguration andusing lightly loaded
contemporary state-of-the-art membrane electrode assemblies.

Future Directions

» Address issues oPEM stack operation, reactant compositiorand purity, stack thermal
management including environmengdtremes, and stack diagnostics aodtrol, tooptimize
performance, througltareful testing (bothstatic and dynamic) andocused modeling.
Evaluate future designs selected for low cost manufacturing.
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lntegrated Fuel Processor-PROX-PEM Ballard SN212 On ADL Gasoline POX Reformate
Stack Experiment With LANL PROX (October 10, 1997)

75°C, 28 psig, 1.2x H, 2.5x Air, No Anode Air

As part of thefirst engineering-scale 12 f
demonstration of the technical feasibility of
using a hydrogen-rich gagreamprocessed
from gasoline tomake electricity in a PEM
fuel cell stack, Los Alamos provided a
Ballard Mark 5 stack (serial number 212) and
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5-kW stack, the teststand shipped to the Current Density (majem )

ADL laboratories in Cambridge, ) o

Massachusetts, incorporated an Fig. 2 Polarization curve for a
electronically-controlled  electrical load, Ballard Mark 5 stack operating on
reactantflow and pressure management, a actual partial oxidation gasoline
deionized-water loodor stack cooling and reformate subject to treatment within
internal humidification, a building-water loop the Los Alamos PROX. Solid line
for heatrejection, flammableand toxic gas is performance ofiideal” synthetic
leak detection, and anautomatic safety (40%H,, 40%N, 20%CQ).

systeminitiating isolation, rapidcontrolledventing, nitrogempurge, electricalload shedding, and
powering down the test-stanal] under computecontrol. All relevantdata,including individual
cell voltages, were logged to a data acquisition system.

These experiments weshort in duration and thugack measuremetime was limited. The
Ballard stack hardware was included to document PROX performance,tigiewly developed
Plug Power L.L.C. stack had priority the experimentgblan. The ADL fuel processoexhibited

unstable behavior at times. Consequently
Ballard, SN212 On ADL Gasole POX Reformate data collection was not continuous.
75°C, 28 psig, 1.2x H., 25¢ Air, No Anode Al Nonetheless, atack polarization curve up to
T T T T T T T TTTTTTTTTLIT]00 a current density of abo860 mA/cn? was

] generated, and powdevels approaching 2
kW gross electric were demonstrated, as
shown in Figs. Jand 2. Though thismited
range of current densityalues, the stack
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0.5 [gm 20 Additional data were collected during “off
[ L’sr_kp’w_l ] normal” fuel processor transients.  The
ol 1o nature and cause of these transients were not
ER A Dz:;;y (mj/fnf ) 300 350 defined, but stack data collected (anode
pressure drop and PROXutlet carbon
Fig. 1 Power and conversion monoxide concentration)indicate both a
efficiency for Ballard Mark 5 significant reduction in fuel-processdiow
stack operating on reapartial and a considerable change in tbieemical
oxidation gasoline reformatesing composition of theprocesdeed during these
the Los Alamos PROX. events. Almost always, because onenare

of the individual cells in the Ballard hardware
approached a lower voltage limit, the stack load was automatically switched off and thél@mode
bypassed during the majority of the transient. Butomatic controlvas done to assutbe stack
only experience@cceptable operatingonditions. However nall upsets were so sevetwt the
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Ballard SN212 Response to CO Transient
ADL Gasoline POX Reformate With LANL PROX

200 mA/cm Z. 75°C, 28 psig, 1.2x H,, 2.5x Air, No Anode Air, 10/10/97
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Fig. 3 Response ofthe Ballard
Mark 5 stack to a partial oxidation
gasoline reformer transient using the
Los Alamos PROX operating with
steady control parameters.

automatic controlsystem terminated stack
operation. Fig. 3 showthe response of the
Ballard stack to onesuch event where the
stack was left on line Detailed datanalysis
suggeststhe performancedrop was not
entirely due to CQpoisoning,although CO
was a problemlindividual cell voltage levels
were far from uniform. Individual cell
voltages in those anodes adjacent to a cooling
plate (Ballard Mark 5stacks feature one
cooling plate per every twactive cells)were
apparently low in performance. Such a
performance loss is mokkely caused by a
sharp reduction in anoddlow leading to
liquid-water-caused  channel blockage.
Thus, even though thedemited data do not
lead to definitive conclusions, the complexity
of engineering-scale stackesponse to
changes in operating conditiomgas clearly
demonstrated. The importance of
understandinghe tolerance of the stack to
transient CO levels, which could be

considerably higher than similar tolerance to steady-statée@fls, was also apparent. $um,
both the fluid dynamics and the gas composition resulted in significant performance changes.

Low Temperature PEM Stack Testing
We

alsocompleted the initiatound of stack freezing tests begun last year requested by

DOE/OAAT to support FordMotor Company. ABallard Mark 5 stackwas installed in a

computer-controlled environmental chamber and as part oL ANl stack testhardware.

The

stack was exposed to low temperature test conditions diimieg different experiments: once to -
4°C andtwice t0-18°C (abou0’F). Prior to lowtemperatureeonditions,the stack cooling loop

was drainedand the coolingoop, anode
and cathode (including humidifiers) were
“de-watered” using dry nitrogen. (This
purge was completed at ambient
temperature.) Because the stack sealing
features were not necessarily designed for
these cold temperaturethe stack bladder
pressure was maintained witie continuous
application of100 psifill gas to ensure the
stack and seals remained compressed.

The first experiment cautiously
cooled the stack, loweringthe chamber
temperature on a6°C per houramp from
ambient tojust belowthe freezing point of
water and heldthat temperature until the
stack was in thermal equilibriumwith the
chamber (as indicated by temperature
measurements derivegsing several external
and internathermocouples).The stack was
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Fig. 4 Thermal response of the
Ballard Mark 5 stack to application
of reactant gases and asmall
electrical load at -18°C.

then allowed taslowly return toambienttemperature. Th#8ow of deionized water coolant was
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reintroduced, anthe stackwas then heated by addindpermal energy to the coolingpop until
normal operating temperatuf@0°C) was achievedThe -18°C testsincluded an overnight cold
soak atthattemperature. The third testas also done following avernight coldsoak, but then
included a “cold start” from18°C, initiated byapplying ambienpressurecold hydrogen and air
to the anode andathode. Followingerification of individual-cell open-circuitoltages, asmall
load was applied. Figure 4 showie 2-hour startup/thaw transienshowing thermal power
deposited in the stack from inefficiencies and fromhbeat capacity of the reactagasestogether
with the stack thermal response. As can be seen, stack performance levelshéubeginning of
the cold-start experiment were ratthew, so lowthat the heating rat@as controlled far more by
the enthalpy of the reactaigteds than bythe wasteheated generateduring the electrochemical
reaction.

The low performance of one singtell hampered startup in tHest and last tests (a different
cell eachtime), though in both casethat deviantcell fully recovered voltage performance
following imposing a highflow, high differential pressureanode flow transient (7-10 psid
required) aftethawing. This results suggedtse dewatering procedusthouldhave applied this
same magnitude opressuredifferential to adequately remove liquid watarior to freezing.
However, even so the anodi#fow featuresmay have remained watditled. Comparison of
polarizationcurves before andfter thetests show naignificant degradation due to these freeze-
thaw cycles andransients. Although not mentionedabove, each measurement regime was
preceded withcross-over measurements, a standestl procedure dtos Alamos toassure no
significant anode-to-cathode leakagate. Although details aredesign-specific, these tests
demonstrated that at least these Ballard PEM daktlstackscan berugged enough to survive
freezing with no subsequent loss in performance wherstack is again heatedusual operating
conditions

Advanced PEM Fuel Cell Hardware; Development of New Diagnostic Tools.

We recently acquired amew and powerful
capability for advanced stat&sting, withdelivery
of “take-apart” stackhardware from Analytic
Power Corporation (se€ig. 5). The fuel cells
feature “modern” membrane electrode assemblies
(W.L. GorePRIMEA® 5500 Series, 0.3ng/cnt
Pt cathode, 0.3ng/cnt Pt/Ru anode)leading to
reformate testing on prototypical stag&vices. In
addition, this hardwarewill allow us to
reconfigure full stacks and few-calhort stacks as
needed to support advanced operation and
diagnostics. Modificationare expected to include
alternateflow fields, diffusion layers,and novel
MEAs, as well asentirely new hardware such as
alternate cooling platesnd “diagnostic” plates
incorporating extensive instrumentation and
sampling ports. The ability to disassemble the
stack andmaintain it will facilitate teststhat are
intentionally damaging toMEAsS, such asimpurity testing, severe transients ather
environmentaltests, and experiments iracceleratedaging.. Engineeringdrawings of stack
internals will allow fabrication of alternate or special parts as needed.

Fig. 5 Analytic Power FC3000 68-
cell,

3-kw stack, designed foreasy
reconfiguration by Los Alamos.

PEM stack testing dtos Alamos relies on maintaining and improving a flexible aatktest
environment. During this fiscalear, test stand controls were improved sapport advanced
testing, such aperiodic flow-direction reversal within the cathode and arftmle fields, and to
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provide more-realistic synthetic reformate operation (steam additiomtch expected reformate
water concentration). The operator interface was improved, as were the formal test protocols.
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